WITH HOT-SWAP AND LOAD-SHARE POV\^-MANAGER IG, 
YOU CAN FORGET ABOUT SUPPLIES AND CONCENTRATE ON 
IMPORTANT SYSTEM CONSIDERATIONS. 



Hot-swap, 
load-share ICs 
protect circuits 
and supplies 




in SYSTIMS THAT USB ItHikiple pOW«- 
supplies, hot swapping and current 
sharing are important considerations. 
Hot swapping refers to tiie iasertioD or 
rejBoval of modules, boards, of power 

supplies irsto or from powered-up buses or oonwectefS. 
PCMCIA, Universal Serial Bus (USB), CompactPCl, 
SCSI, and other standards provide strict mandates on 
inrush current, power-supply sequencing, and other 
power-up and -down aspects. Current, or load sharing 
iirolvM 6q«tll?in§,. Hwcf^r as possible, Ihe cBrren^s 
from inultiple power supplies connected in parallel. 

Several recent ICs provide 
hot-swapping and current- 
sharing management func- 
tions, eliminating the ne«d to 
design discrete circuitry for 
protection and power integri- 
ty in your system. 

Hot swapping can be a 
scary proposition (Reference 
1), For example, if you insert 
a circuit board into a live 
backplane, the board's large 
bypass capacitors can draw 
inrush currents as large m 
lOOA from the backplane's 
power bus. Unrestricted, 
these currents can destroy the 
board's bypass capacitors, 
metai traces, Or evfin its con- 
nector pins. The inrush cur- 
rents also produce a droop in 
^ m-^ky wrfttge to di* 
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AT A GLANCE 

o Excessive inrush currents or improper 
supply sequgBdRfw tff^ats 



t> Designing your own hot-swap protec- 
tion steals tinne and effort from ttie meaty 
f '»! yew sfSem. 



> Live-inseitiofi/rernoval capability in 
standards such as Universal Serial Bus and 
CompactPCl is not a luxury; it's a necessity. 



> Equitable curreat sharing in raulliple- 
supply systems mifiirfiijes Pfieririil, Sabflity, 
Mid feleWity comprofnises. 



I 



TABLE 1-UNITRODE HOT-SWAP POWER-MANAGER ICs 



of the circuit boards, which are connected 
to the backpfane. The resulting ovit-of-reg- 
ulation supply voltage can: cause the af- 
fected boards to reset. 

Most multiple-supply lystems require 
the supply voltages to power 14? in a spe- 
cific sequence. The sequence reverses upon 
power-down, with one supply kept alive 
long enough for software to control the 
power-down routine. Hot-swap powef- 
manageinenit ICs provide both inrush pro- 
tection and user-programmable supply se- 
quencing. They also protect systems against 
power faults, and they monitor 
Md ligusl the status of supply 
roltages and currents. 

You can provide adequate 
hot-swap control, with perhaps 
a 90% success rate, by config- 
Tiring controlled-turn- 
011 FETs. RC-network 
delays at the gates of the FETs 
can produce the desired power- 
up delays. However, this ap- 
pfOtich has two potential prob- 
kins: One is the long hours of 
tYsfeaking that discrete analog 
circuits require. Although these 
hours may be enjoyable for 
name and refetiwly short for 
analog v^tarans, they are hours 
better spent on more mission- 
critical problems. The other 
problem is that 10% of the 
time, the solution doesn't >«rk 
(Reference 1). 
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pose applications; others are application- 
specific. Application-specific devices target 
specific buses or standards, such as USB, 
CompactPCl, or the various flavors of 
SCSI. They handle tJie voltage and current 
levels that the given standard mandates, 
and they provide norm-specified protec- 
tion, timing, and sequencing features. Uni- 
trode Corp offers a broad spectrum of hot- 
swap managers (Table 1 ). 

Most of the hot-swap managers in Table 
1 are general-purpose devices; you choose 
your device according to the voltage and 
current requirements of the load. You can 
use the other devices in a variety of appli- 
cations, but they are particularly useful in 
cert«ii systems. The $2.95 (IQW) 



UCC39 1 5, for example, is intended for 1 2V 
hot-plugging applications, such as redun- 
dant array of independent disks (RAID) 
and popular communications ports, such 
as Ethernet and the advanced universal in- 
terface. Similarly the $2.95 (1000) 
UCC3920 serves communications ports 
that use - 12V rails. The UCC39 16 targets 
SCSI Termpower systems and ofen SCSI', 
SCSI-2, and SCSI-3 compliance. 

Figure 1 shows the circuit architecture of 
the UCC3920. The other Unitrode hot- 
swap managers with internal pass MOS- 
FETs have similar topologies with individ- 
ual variations. The 3-bit DAC in the 
UCC3920 lets you program the fault-tevel 
trip ciari-gpt using a 3-bit digital code. TTmc 



Figure 1 I 
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APPLICATION SPECIFICITY 

Many hot-swap power- man- 
agement IGs »s*e§enersl-par" 
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A 3-bit DAC in Umtfocle's liCCSS^O hg^t-sw^ manafer allows you to pra|ram tbe fault-level trip current that 
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programming resolution is 250 mj\ 
fiST OirrmtsdfO to 500 niA, and 500 
mA for currents of 500 mA to 3A. 
The UCC3920 handles -3 to 
- 15V supply levels; its UCC3912 
and 3915 siblings accommodate 
positive- voltage ranges of 3 to 8 arid 
7 to 15V, respectively. These man- 
agers incorporate a 4-bit DAC to al- 
low fault-level programming of to 
3A with 250-mA resolution. The 
$3.05 (1000) UCC3918 uses an ex- 
ternal resistor rather than a DAC to 
provide linear fault-level program- 
ming of to 4A. 

The devices in Table 1 that use ex- 
ternal {Mss MOSFFI% include 
charge-pump circuitry, which gen- 
erates the gate voltages needed to 
turn on the n-channel MOSFETs. 
The fCs would be simpler and use 
tessiljcora if the external device were 
a p-diannei MOSfET. However, 




The ITCI643 hot-swap canmNer tniiH Umm tBdMoiqf 
makes live mef&mfrmmii t^ ofcfadM it 
OMvadPasystemt. 



through a sad and immutable quirk of 
physics, a p-channel device ttses about 
three times the silicon area of an n- 
channel MOSFET with the same rat- 
ings. It's more economical to connect a 
fevi' capacitors and use an on-chip 
charge pump to drive an n-channel 
FET. Table 1 gives no current ratings for 
the external-FET devices because that 
parameter is strictly a function of tfac 
MOSFET you specify. 

Figure 2 shows an elementary bfodc 
diagram of a typical hot-swap IC that 
drives an external MOSFET. The 
charge-pump circuitry uses internal 
diodes and the external capacitors to 
configure a voltage tripler. Vpy^jj, pro- 
vides plenty of head room to power the 
internal gate driver, l^, ,^^, the maximum 
sourcing current, is a programmable 
parameter. When the sensed output 
cunrat m kmix than feuit lew!, the 
output MOSFET rfsiiu^Q? on. When the 



CURRENT SHARING ENHANCES 
PERFORMANCE AND FAULT TOLERANCE 

Robert Pauplis. Senior AppScation En^eer, Vicor Corp 



Power architeds often employ mul- 
tiple powef supplies or power con- 
verters i.c! incea^e cnjlput power or 
prnviiJL' [iiii-idr to You can 
ustidllv incredse power by parallel- 
ing (wo or more mnverters. Fault- 
tolerant systems also use power 
supplies in parallel, but they may 
use ORmg diodes lo isolate mod- 
ules dunng an output fault 

Gurrent sharing is a necessity 
when paralleling supplies to 
increase power. Although 2N- 
redundii.'i! :pi;es generally 
require no currem shanng, current 
sharing improves system perfor- 
raande. PJ+l -redundant supplies 
require current shanng. Current 
sharing and how best to achieve it 
are important issues in managing 
multiple power suppfie or power 
converters. 

Current sharing briogs a number 
of: ne: ' , el arrays. It 
improves traaiiofii lesponse 
because each of ttie N caivetters 



shares the load step in a 1/N pro- 
portion. Each supply ages the 
same amount if equal current shar- 
ing exists, and thermal constraints 
are usually less demanding on sys- 
tems using mutfiple supplies. 
Modular converters connected in 
pa;dHei to increase power often 
fi'id use in reduni.!.:i; it applications, 
such as scalable power systems. 
The module array is readily 
eJipandable and may provide hot- 
swap capability. 

You can implement current shar- 
ing in several ways; each method 
has advantages and disadwintages. 
Drtvfir/booster arrays for the expan- 
sion of power usually contain one 
intelligent moiiu!:; or diiver tind 
one or more power-train-only mod- 
ules or boosters. The driver sets 
and controls output voftage, and 
booster modules increase output 
power to meet system require- 
ments. The advantages are that the 
array has only a single control loop. 



and it provides excellent transient 
response because no loop-within-a- 
loop staliidty issiies exist, An advan- 
tage of driver-booster arrays is that 
load sharing is accurate, even dur- 
ing dynamic load conditions. 
Driver-booster arrays using only 
one driver do not support redun- 
dant operation. 

The "droop-share" approach to 
current sharing employs a resis- 
tance in series with the load or an 
active circuit that allows the output 
voltage to drop in response to 
increasing load. The droop-share 
circuit has the advantages of sim- 
plicity and low cost. However, it is 
limited in application because it 
usually requires m.ji 'ual adjustment 
of the output voltage to achieve 
current sharing. Also, the series 
resistance degrades output-voHage 
regulation in droop-share circuitSL 

DC-coupled, single wire parallel- 
ing involves two or mote identical 
modules, each containing a drcuit 



that mortitors the ciirrent eac™|P 

ply df'livers, Tliis [irc'iit adively 

ivipb'S ti ll:! output \'A})ir ot fdCh 

'. -jppl. >^ ' ' niiiitipi-: -Kipplies 
deliver equal currents. However, 
this nrrethod has a number of dis- 
advantages, Mnltipl'? tnntrni loops 
can cause stability ("■ 'iji.-fn'", dnd 
they can provide f ■ ' , it 
response when a module iatis. The 
method is also susceptible to sin- 
gle-point failures, which can defeat 
current sharing and, el worst, can 
cause a chain of faiii;ir.?. 

A new fault-immune power 
architecture uses a digital current- 
sharing signal. Because it is an ac 
signal, dc blocking eliminates off- 
sets in the system. Such modules 
allow desigris to achieve high levels 
of availability and reiiabtlity. 
Additional advantages include 
excellent transient response, a high 
degree of immunity from system 
noise, and no loop-within-a-loop 
control problems. 
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current exceeds the fault level but is lower 
than the maximam soarcing current that 
Ij^, sets, the output remains on, and a fault 
timer begins to charge When C,. charges 
to a certain level, the output MOSFET 
turns off, and Cj slowly discharges. When 
discharges to a certain low level, the hot- 
swap IC performs a retry, and the output 
MOSFET switches on again. The UCC3914 
offers two distinct reset modes. In one 
mode, the IC repeatedly tries to reset itself 
if a feult occurs. In the other mode, when 
a fault occurs, the output stays off until you I 

toggle a pin or until you turn the IC 

off thai QQ agajn. I f *8"* * 



hot-swap controller safely applies and re- 
moves power to and from a disk drive, al- 
lowing you to swap drives during service 
operations. The IC provides active current 
limiting for your pin-selectable choice of 
dual-supply power buses: 5 and 12V or 5 
and 3.3V. In a typical application diagram, 
the two current-sensing resistors, Rg^^jsj, 
provide inputs for the IC's overcurrent- 
protection circuitry (Figure 3), When the 
current through either resistor exceeds the 
irwt-programmed value, the controller eft- 



Glancing at the lOOOV-rated hot-swap 
ICs in Table 1 , you might think that Uni- 
trode uses an exotic process such as dielec- 
tric isolation to make its lOOOV devices, but 
it does not. In a process called "bootstrap- 
ping" (derived from "pulling yourself up by 
your own bootstraps"), the $1.54 (1000) 
UCC39 17 floats at the supply voltage and 
u&e« charge-pump drcuitfy to generate its 
supply Tokage. The negative- sappfy, $ 1 .40 
(1000) UCC3913 and $1.42 (1000) 
UCC3921 use the negative input voltage as 
reference and derive their power from an 
external resistor connected to ground. The 
lOOOV limit fot these ICs is mt etched m 
stone; the maximum voltage is a finiction 
of the ratings of the external components. 

Designed for RAID systems, Harris 
Semiconductor's HIP1012 dual-voltage 



r 



ters its current-regulation mode, and the 
time-out capacitor, C^,^,, starts charging. 
When C.,.|j_, charges to a 2V threshold, the 
IC switches off the n-channel MOSFETs. 

The time-out period ranges, for exam- 
ple, from 4.4 msec with C^^^=22 nP to 20 
msec for C,.,. =100 nF. If a fault is three 
times the current-limit level, the controller 
turns off the MOSFETs in less than 3 |xsec 
before entering its time-out period. The 
turn-off time is less than 1 (isec for a dead 
short, A rising edge on either power-ofl pin 
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Bootstrapping via an on-chip cbarge-pui^ cb«|t pWiii»ttH 4fiHe far ifte «ittDni 
MOSFET used with most hot-swap controllers. 
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e information on power-management ICs such as those described in this article, circle the appropriate numbers on the postagepaid Inl 
Retrieval Service card or use EON'S InfoAccfiss sen/ice. When you contact any of the following manufacturers directly, please let them know v®j 
about their products in EDN. 



Harris SemicoAductor 

iWelboume, PL 
1-407-729-5973 
fax 1-407-729-5321 
www.semi.harris.com 
Circle No. 326 



Linear Technology Corp 

Milpitas, CA 

1-408-432-1900 ext 2453 
fax 1-408-434-6441 
■iwwv.rmear-tecli.com 



Texas Instruments Inc 

Dallas, TX 

1-800-477-8924 ext 4500 
www.ti.com/s<v'power 
Circle No. 328 

Unitrode Corp 

Merrimack, NH 
1-603-424-2410 
fax 1-603-424-3460 
vwiiw.unitrode.com 
Circle No. 129 



Visbay Siliconix 

Santa Qara, CA 
1-408-988-8000 
fax 1-408-567-8950 
www.siliconix.com 
Circle No. 330 




SUPER ORCLE NUMBER 

For mor^e information on the 
products available from all of 
the vendors listed in this box, 
circle one number on the read 
er sen/ice card. Circle No. 331 
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